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SPECIFICATION 

TITLE OF THE INVENTION 

" SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME 



BACKGROUND OF THE INVENTION 

The present invention relates to a semiconductor device, 
more particularly to an effective technique for fabricating a 
fast operation semiconductor device with use of a compound 
M= semiconductor material. 

In recent years, the communication/information processing 
field has kept demanding a super fast operation semiconductor 
element strongly so as to cope with a rapid increase of 
communication demands or amounts of information to be 

s . 

fy processed. And, in order to meet such demands, there has 

Hj 

Sj appeared a hetero- junction bipolar transistor (hereafter, to 

Q 

be referred to as the HBT) that uses a wide band gap 
semiconductor for its emitter. Because the HBT comes to have 
such an emitter of a wide band gap, the back injection of 
carriers from the base to the emitter is low in amount and the 
injection efficiency for the emitter is high. The HBT can 
thus have a high current gain. In addition, the high current 
gain can be kept even at a high base density. As a result, 
the base resistance can be reduced, thereby enabling the HBT 
to be provided with a super fast operation having a high 
current gain driving performance. This is why the HBT has 
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been employed for such mobile communication terminals as 
portable telephones, etc. for which the power of the high 
frequency in the microwave area must be amplified effectively. 

For the power amplification transistor employed for a 
transmission amplifier circuit of such a mobile communication 
terminal, the current is increased more and more so as to 
increase the transmission output. Generally, the area of each 
junction of the bipolar transistor is increased in order to 
achieve this large current. And, to avoid an increase of the 
chip area caused by such an increase of the junction area, a 
multiple-finger structure is employed. The multiple-finger 
structure enables a plurality of emitters, bases, and 
collectors disposed in parallel like a striped pattern are 
connected to each other in parallel. 

In a bipolar transistor element, the characteristics of 
the bipolar transistor is changed sometimes, resulting in 
straying off the specifications of a transistor element from a 
vicious circle; for example, the characteristics of the 
bipolar transistor are changed due to a temperature change, 
etc. during operation, then the current flow is increased due 
to such a rising of the temperature, and this current increase 
causes the temperature further to rise, thereby the current 
flow is changed significantly. To avoid such a problem, there 
is a well-known method as disclosed in the official gazette of 
Japanese patent laid-Open No. Hei 7-7014 (corresponding to USP 



No. 5, 321, 279) . According to this method, a metallic resistor 
is added serially to an emitter finger or base finger as a 
ballast impedance. The metallic resistor is made of, for 
example, such a metallic material having a high specific 
resistance as tungsten nitride, tantalum nitride, etc. This 
method increases the voltage drop at both ends of the ballast 
impedance when the current is increased, thereby the finger 
current is reduced. The transistor operation can thus be 
stabilized. 

SUMMARY OF THE INVENTION 

However, such a method for adding a metallic resistor has 
a problem that a new process for forming the metallic resistor 
must be added, thereby increasing the number of processes. 
The method also has another problem that requires wiring 
between the formed metallic resistor and an electrode of the 
bipolar transistor element and forming a contact area for the 
wiring. And, this causes the element area to be increased and 
the fabricating cost to be raised. 

Under such circumstances, it is an object of the present 
invention to provide a technique for forming a ballast 
resistor by solving those conventional problems, suppressing 
the number of processes, as well as the element area from 
increasing. 



The above and other objects, as well as other features of 
the present invention will appear more apparently with the 
description and the accompanying drawings in this 
specification. 

Hereunder, the outline of some of the inventions to be 
disposed in this specification will be described briefly. 

A semiconductor device of the present invention comprises 
a semiconductor substrate and a plurality of semiconductor 
M elements, each of which has a collector layer, a base layer, 

s : 

p and an emitter layer formed in the semiconductor substrate. 

Si The base layer and the emitter layer are separated from each 

m 

other between a plurality of the semiconductor elements. Each 

•W 

a of the semiconductor elements includes a first base electrode 

a, , j „ 

fU connected to the base layer respectively and an emitter 

XE t 

iU 

vj electrode connected to the emitter layer. The first base 

p 

H electrodes of the semiconductor elements are connected to each 

other commonly by a common base wiring and the emitter 
electrodes of the semiconductor elements are connected to each 
other commonly by a common emitter wiring. The first base 
electrode of each of the semiconductor elements is connected 
to the base layer separated from an end of an emitter junction 
formed by the emitter layer and' the base layer. 

Furthermore, the semiconductor device of the present 
invention comprises a semiconductor substrate made of a 
compound semiconductor material and a plurality of hetero- 
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junction bipolar transistor type semiconductor elements, each 
of which has a collector layer, a base layer, and an emitter 
layer formed in the semiconductor substrate. The base layers 
of the semiconductor elements are formed like a plurality of 
base fingers in shape, which are extended independently of 
others. Each base finger layer has an emitter junction with 
the emitter layer formed on part thereof and a first base 
electrode formed so as to be separated from the emitter 
H junction. The emitter layer has an emitter electrode 

Q connected thereto and respective emitter electrodes are 

flj 

8n connected to each other in common by a common emitter wiring, 

01 

H= while a common base wiring connects the first base electrodes 

s . s 

3 of the semiconductor elements to each other commonly. The 

FU first base electrode of each of the semiconductor elements is 

Si connected to the base layer separated from an end of an 

H emitter junction between the emitter layer and the base layer. 

According to a configuration of the present invention, 
therefore, the first base electrode can function as a resistor 
electrode. And, the base layers of plural semiconductor 
elements (transistor cells) are connected to each other in 
parallel via this resistor electrode respectively. And, a 
single resistor can be added to an effective base area or 
intrinsic base area that forms an emitter junction. 

According to another configuration of the present 
invention, a resistor having a more stable even value is given 
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between the effective base area and the first base electrode, 
that is, the resistor electrode, so the second base electrode 
is formed on the base layer adjacent to an emitter junction. 
This second base electrode can supply an even base potential 
to the effective base area (for forming a junction with the 
emitter layer) . Concretely, this second base electrode can 
supply an even base current to the whole effective base area. 
This second base electrode should preferably be positioned so 
as to come in contact with the whole base layer adjacent to 
the emitter junction, that is, so as to be positioned close to 
the emitter junction. 

According to the present invention described above, the 
base layer and the emitter layer are separated from each other 
between a plurality of semiconductor elements (transistor 
cells), so a single base resistor comes to be connected to 
each transistor cell, that is, each transistor cell. 
Consequently, the present invention can limit an object 
current to each transistor cell stably with use of a base 
resistor according to such operation characteristics as a 
current amplification factor of the cell. Consequently, it is 
possible to improve the heat resistance properties of the 
whole semiconductor device. 

Furthermore, a method of the present invention for 
fabricating the semiconductor device comprises a process of 
preparing a semiconductor substrate in which a collector layer 



a base layer, and an emitter layer are formed sequentially; a 
process of coating a first conductive film on the main surface 
of the emitter layer; a process of patterning the first 
conductive film so as to form an emitter electrode portion, as 
well as a dummy electrode portion separated from the emitter 
electrode portion; a process of removing the emitter layer by 
using the emitter electrode and the dummy electrode as a mask, ■ 
thereby exposing a part of the base layer; and a process of 
forming a second conductive film to be used as a base 
electrode on a part of the exposed base layer with use of the 
emitter electrode portion and the dummy electrode portion as a 
mask. 

Another method of the present invention for fabricating 
the semiconductor device comprises a process of preparing a 
semiconductor substrate in which a collector layer, a base 
layer, and an emitter layer are formed sequentially; a process 
of removing a part of the emitter layer so as to expose a part 
of the base layer; a process of forming a photo-resist for 
exposing a part of the base layer on the base layer from which 
the emitter layer is removed; and a process of forming a 
second conductive film to be used as a base electrode on the 
surface of the base layer by using the photo-resist as a mask. 

According to the means of the present invention described 
above, it is possible to extend the base layer so as to make 
it function as a resistor. Thus, it is also possible to omit 



a process of forming a wiring for connecting the resistance 
element to the electrode of each semiconductor element. 
Consequently, the area of the semiconductor device can be 
reduced. In addition, it is possible to omit a process for 
forming such a resistance element as a metallic resistor or 
the like. Consequently, the fabricating process can be 
simplified . 

Further, the constitution of the semiconductor device can 
be simplified, yield can be improved, and the cost reduction 
can be realized. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a top view of the major portion of a 
semiconductor device in an embodiment of the present invention. 

Fig. 2 is a vertical cross sectional view of the 
semiconductor device taken on line a-a in Fig. 1. 

Fig. 3 is a vertical cross sectional view of the 
semiconductor device in the embodiment of the present 
invention so as to show the major portion in each process. 

Fig. 4 is a vertical cross sectional view of the 
semiconductor device in the embodiment of the present 
invention so as to show the major portion in each process. 

Fig. 5 is a vertical cross sectional view of the 
semiconductor device in the embodiment of the present 
invention so as to show the major portion in each process. 
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Fig. 6 is a vertical cross sectional view of the 
semiconductor device in the embodiment of the present 
invention so as to show the major portion in each process. 

Fig. 7 is a vertical cross sectional view of the 
semiconductor device in the embodiment of the present 
invention so as to show the major portion in each process. 

Fig. 8 is a vertical cross sectional view of the 
semiconductor device in the embodiment of the present 
invention so as to show the major portion in each process. 

Fig. 9 is a vertical cross sectional view of the 
semiconductor device in another embodiment of the present 
invention so as to show the major portion in each process. 

Fig. 10 is a vertical cross sectional view of the 
semiconductor device in another embodiment of the present 
invention so as to show the major portion in each process. 

Fig. 11 is a vertical cross sectional view of the 
semiconductor device in another embodiment of the present 
invention so as to show the major portion in each process. 

Fig. 12 is a circuit diagram of a configuration of the 
semiconductor device in the embodiment of the present 
invention. 

Fig. 13 is a circuit diagram of a configuration of the 
semiconductor device in another embodiment of the present 
invention. 



Fig. 14 is an entire top view of the semiconductor device 
in another embodiment of the present invention. 

Fig. 15 is a partial top view of the "a" portion of the 
semiconductor device shown in Fig. 13. 

Fig. 16 is a vertical sectional view of the semiconductor 
device taken on line a-a in Fig. 14. 

Fig. 17 is a circuit diagram of the semiconductor device 
in a variation of another embodiment of the present invention. 

Fig. 18 is a partial top view of the semiconductor device 
in the variation of another embodiment of the present 
invention . 

Fig. 19 is a circuit diagram of a configuration of the 
semiconductor device in a variation of another embodiment of 
the present invention. 

Fig. 20 is a partial top view of the semiconductor device 
in the variation of another embodiment of the present 
Invention. 

Fig. 21 is a circuit diagram of the semiconductor device 
in a variation of another embodiment of the present invention. 

Fig. 22 is a partial top view of the semiconductor device 
in the variation of another embodiment of the present 
invention . 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(Embodiment 1) 
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Fig. 1 shows a top view of the major portion of a 
semiconductor device formed in a semiconductor substrate in an 
embodiment of the present invention. Fig. 2 shows a vertical 
cross sectional view of the semiconductor device taken on line 
a-a in Fig. 1. Fig. 12 shows a circuit diagram of a 
configuration of the semiconductor device shown in Fig. 1. 
The semiconductor device in this embodiment is a power HBT in 
which a plurality of unit fingers are usually connected to 
each other in parallel, so that the semiconductor device can 
be operated at a large current. As shown in Fig. 12, a base 

p resistor Rb is connected serially to the base of each finger. 

0*1 

£1 The base resistor Rb is disposed in each finger area, which is 



s — s 

rs 1 



a unit of the HBT, 



ry The semiconductor substrate in the present invention 

:= : 
; : : 

: ^ 

%\ consists of a first epitaxial layer assumed as a collector 

d 

y, layer 2 formed on a semiconductor body 1 using half-insulating 

GaAs; a second epitaxial layer assumed as a base layer 3 
formed on the collector layer 2; and a third epitaxial layer 
assumed as an emitter layer formed on the base layer 3. In 
addition to such the substrate obtained by forming epitaxial 
semiconductor layers on its semiconductor body, the 
semiconductor substrate used in the present invention may also 
be any of other substrates, for example, a substrate 
consisting of only a semiconductor body, an SIO substrate 
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obtained by forming a semiconductor layer on the semiconductor 
body with an insulating film therebetween. 

In this embodiment of the present invention, each finger 
is constituted of a vertical type bipolar transistor including 
an epitaxial collector layer 2 formed on the semiconductor 
body made of a half -insulating GaAs; an epitaxial base layer 3 
formed on the collector layer 2; and an epitaxial emitter 
layer 4 formed on each base layer 3. The base layers 3 are 
separated from each other in a mesa pattern in each finger. 
The collector layer 2 is separated in a mesa pattern at a 
boundary with another element if the semiconductor device is 
not formed as a single element, for example, if it is formed 
7 together with other elements on one and the same substrate 

fy just like when it is formed as a multiple step amplifier. 

iy 

%A The emitter layer 4 comprises a semiconductor layer for 

fT taking an ohmic contact easily with the emitter electrode and 

an n-type InGaP layer functioning as an HBT emitter layer. 
The base layer comprises p-type GaAs and the collector layer 
comprises n-type GaAs respectively. 

A collector electrode 5, a base electrode 6, and an 
emitter electrode 7 are connected to the collector layer 2, 
the base layer 3, and the emitter layer 4 respectively. In 
this embodiment, there are also formed a dummy layer 8, which 
is the same layer as that of the emitter layer 4 and a dummy 
electrode 9, which is the same layer as that of the emitter 
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electrode. And, a resistor electrode 10 is formed by the same 
layer as that of the base electrode 6, which is formed on the 
base layer 3. The resistor electrode 10 is spaced from the 
base electrode 6 by the dummy layer 8 and the dummy electrode 
9. 

With this configuration, the base layer existing between 
the ordinary base electrode 6 and the resistor electrode 10 
functions as a resistor Rb connected serially to the base if 
the base wiring is commonly connected to each resistor 
electrode 10. Concretely, the resistor electrode 10, which is 
a first base electrode connected to the base layer with a 
resistor therebetween and a base electrode 6, which is a 
second base electrode connected directly to the base layer are 
formed as base electrodes. A base layer 3 between the first 
and second base electrodes in each finger is formed as a 
resistor Rb. 

The resistor electrode 10, that is, the first base 
electrode, can be operated as a resistor electrode. And, the 
base layers 3 of a plurality of semiconductor elements 
(transistor cells) are connected to each other in parallel. 
It is thus possible to provide a single resistor to an 
effective base area (an area where the base layer 3 and the 
emitter layer 4 are connected to each other) where an emitter 
junction is formed. 



The second base electrode 6 can provide a stable even 
resistance to between the effective base area and the first 
base electrode, that is, the resistor electrode 10. This 
second base electrode 6 functions so as to give an even base 
potential to the effective base area. In other words, this 
second base electrode 6 functions so as to supply an even base 
current to the effective base area. This second base 
electrode 6, just like in this embodiment, should preferably 
be in contact with the whole base layer adjacent to the 
emitter junction, that is, so as to be close to the periphery 
of the emitter junction. 

The resistance value of this resistor Rb is decided by 
W both an impurity density of the base layer 3 and interval 

between the base electrode 6 and the resistor electrode 10. 
The impurity density of the base layer 3 is almost decided by 
P the specifications of the transistor. The resistor value can 

thus be adjusted properly by changing the interval between the 
base electrode 6 and the resistor electrode 10. In this 
embodiment, the interval between the base electrode 6 and the 
resistor electrode 10 is set to about 2|am to 4|om. And, the 
base layer 3 formed between the base electrode 6 and the 
resistor electrode 10, which functions as a resistor Rb, is 
structured so as not to apply an emitter potential to the 
dummy electrode 9. Therefore, it does not function as the 
original base, that is, as an effective base area. 
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Consequently, the width of the base layer 3 can be changed; it 
is not necessarily kept at the conventional one. In Fig. 1, 
the width of the base layer 3 is wider than the original one, 
thereby the resistance value can be adjusted according to this 
width. In this embodiment, the base layer 3 is p-type GaAs 
and the sheet resistance is 200 to 300Q/D. The resistance 
value can be changed to 300 to 1000Q or so by changing both 
width and length of the base layer assumed as a resistor Rb . 

The main surface of the semiconductor substrate having 
the semiconductor body 1 and the collector electrode 5, the 
resistor electrode 10, and the emitter electrode 7 formed over 
the main surface of the semiconductor substrate having the 
body 1 are all covered with an interlayer insulating film 11 
formed with silicon oxide or the like. A collector wiring 12, 
a base wiring 13, and an emitter wiring 14 (shown with a 
partially broken line respectively in Fig. 1) are connected to 
the collector electrode 5, the resistor electrode 10, and the 
emitter electrode 7 exposed partially through openings formed 
in the interlayer insulating film 11 respectively. 

In the case of the semiconductor device in this 
embodiment, there is no need to wire, which has been required 
conventionally for the connection between a resistor body and 
the electrode of a bipolar transistor element so as to extend 
the base layer 3 and make it function as a resistor Rb. The 
area of the semiconductor device can thus be reduced. 



Next, a description will be made for each process with 
respect to how to fabricate this semiconductor device with 
reference to Figs. 3 through 8. 

At first, epitaxial layers serving as a collector layer 2, 
a base layer 3, and an emitter layer 4 are grown on the 
semiconductor body 1 of half-insulating GaAs, etc. by MBE 
(Molecular Beam Epitaxy) method or the like so as to deposit a 
Wsi film thereon. After this, the surface is patterned by 
dry-etching so as to form an emitter electrode 7. A dummy 
electrode 9 is also formed with this patterning. The emitter 
electrode 7 and the dummy electrode 9 are used as a mask, 
thereby etching the emitter layer 4 and the dummy layer 8. 
This etching is isotropic side etching so as to form the 
emitter electrode 7 and the dummy electrode 9 as over-hung 
ones in shape. Fig. 3 shows how the emitter electrode 7 and 
the dummy electrode 9 are formed as over-hung ones. 

Next, an insulating film 15 consisting of, for example, 
silicon oxide is deposited all over the surface with the CVD 
method, then the silicon oxide film is removed from the 
finger-formed area by etching with use of a resist mask 16. 
Fig. 4 shows the process of such a series of treatments. 

Next, a metallic film 17 is coated all over the surface 
with a vacuum deposition method. The metallic film 17 is a 
multiple-layer film in which there are deposited, for example, 
Au, Pt,Ti,Mo,Ti,and Pt in that order (the last Pt is the lowest 



layer) by a vacuum evaporation method. Fig. 5 shows the 
process of this treatment. 

Next, the resist mask 16 is removed together with the 
metallic film 17 formed thereon, then the base electrode 6 is 
patterned with a so-called lift-off method. With this 
patterning, the metallic film 17 is formed on both emitter 
electrode 7 and dummy electrode 9 in each finger area. And, 
the base electrode 6 and the resistor electrode 10 are formed 
on the base layer 3 so as to be separated from each other by a 
dummy electrode 9. Concretely, because both emitter electrode 
7 and dummy electrode 9 are used as masks, the base electrode 
6 is divided and part of the electrode 6 becomes a resistor 
electrode 10. Consequently, the base electrode 6 and the 
resistor electrode have come to be formed with the same 
material. In addition to a normal connection area adjacent to 
the dummy electrode 9, the base electrode 6 is formed almost 
all over the base layer 3 except for the area of the emitter 
electrode 7. Fig. 6 shows the process of such a series of 
treatments . 

In this case, the patterning by the lift-off method forms 
both emitter electrode 7 and dummy electrode 9 in the same 
pattern. And, because the base electrode 6 and the resistor 
electrode 10 are formed in self-alignment with both emitter 
electrode 7 and dummy electrode 9, the relative error among 
the emitter electrode 7, the dummy electrode 9, the base 
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electrode 6, and the resistor electrode 10 is reduced. The 
base electrode 6 can thus be formed close to an emitter 
junction and the resistor electrode 10 enables the error of 
its interval to an emitter junction to be reduced, thereby 
improving the accuracy of the resistance value of the resistor 
RB, and furthermore reducing the gap to be generated between 
the base electrode 6 and the resistor electrode 10. 

Next, the base layer 3 is etched up to the boundary 3' in 
a mesa pattern, then so-called base mesa etching is done for 
isolating the base layer 3 in each finger. Collector 
electrodes 5 are then formed on the collector layer 2 exposed 
by this etching. Fig. 7 shows the process of such a series of 
treatments . 

Because this etching forms the base layer 3 in a mesa 
pattern so as to separate each finger from others and forms a 
collector layer 2 and a collector junction in each finger, the 
base-collector capacity is reduced. In addition, a single 
resistor in each finger is connected serially to another so as 
to be formed integrally with the base layer 3, the current can 
be controlled by the base resistor stably. 

Next, the collector layer 2 is etched up to the boundary 
2' in a mesa pattern, thereby isolating each of a plurality of 
fingers from others electrically. This etching forms the 
etching boundary 2' of the collector layer 2 so as to dig into 
part of the semiconductor substrate 1 consisting of half- 
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insulating GaAs . After that, an interlayer insulating film 11 
consisting of, for example, silicon oxide is deposited with 
the plasma CVD method, then openings are formed with use of a 
resist mask formed by photo-lithography. Through the opening 
are exposed the collector electrode 5, the resistor electrode 
10, and the emitter electrode 7 respectively. Fig. 8 shows 
the process of such a series of treatments. 

After that, a metallic film consisting of, for example, 
AuMo is deposited all over the surface, then a resist mask is 
formed by photo-lithography. This resist mask is used for 
patterning to form the collector wiring 12, the base wiring 13, 
and the emitter wiring 14 as shown in Fig. 2. 

Because the semiconductor device in this embodiment 
extends the base layer 3 so as to make it function as 
resistors Rb, it is possible to omit a process for forming 
such resistor bodies as metallic resistors that have been 
required for forming conventional resistors. It is thus 
possible to simplify the fabricating process. 
(Embodiment 2) 

Although the base electrode 6 and the resistor electrode 
10 are separated from each other with use of the dummy 
electrode as a mask in the above embodiment 1, the lift-off 
method usually requires isotropic etching so as to separate 
both upper and lower positioned metallic films by side etching. 
Consequently, if the gap between the base electrode 6 and the 



resistor electrode 10 is as small as, for example, l|um to 2|jm, 
then forming of electrodes might become difficult due to such 
faults as resist floating, etc. if use of the resist mask is 
restricted to only once in the conventional lift-off method. 

The semiconductor device in this embodiment is effective 
in such a case. The configuration is almost the same as that 
in the above embodiment 1 except that none of the dummy layer 
8 and the dummy electrode 9 is formed. Hereunder, a 
description will be made for each process for fabricating this 
semiconductor device with reference to Figs. 9 through 11. 

At first, just like in the embodiment 1 shown in Fig. 3, 
epitaxial layers are grown on a semiconductor body 1 
consisting of half-insulating GaAs . Those epitaxial layers 
serve as a collector layer 2, a base layer 3, and an emitter 
layer 4 respectively. Then, a WSi film is deposited on the 
resultant surface and patterned by dry-etching so as to form 
an emitter electrode 7. This emitter electrode 7 is used as a 
mask for etching the emitter layer 4. This etching for the 
emitter layer 4 is isotropic etching. The emitter layer 4 is 
then side-etched so as to form the emitter electrode 7 in an 
over-hung shape. The treatments are the same as those in the 
embodiment 1 except for that none of the dummy layer 8 and the 
dummy electrode 9 is formed. 

After that, an insulating film 15 consisting of, for 
example, silicon oxide is deposited all over the surface with 
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the CVD method, then the insulating film 15 is removed from 
the finger-formed area by etching with use of a resist mask 16 
formed by photo-lithography. After that, a metallic film 17 
is deposited all over the surface by a vacuum evaporation 
method. For example, the metallic film 17 is formed by the 
multiple-layer film deposited by Au, Pt, Ti, Mo, Ti, and Pt in 
that order (Pt is the lowest layer) . 

Then, the resist mask 18 is removed together with the 
metallic film 17 formed thereon and patterned so as to form 
the base electrode 6 with a so-called lift-off method. This 
patterning forms the metallic film 17 on the emitter electrode 
7 in the finger-formed area and forms the base electrode 6 on 
the base layer 3. In addition to the ordinary connection area, 
the base electrode 6 is formed almost all over the base layer 
3 except for the area of the emitter electrode 7. After that, 
the insulating film 15 is removed from the resistor electrode- 
formed area through etching that uses a resist mask 19 formed 
by photo-lithography. Fig. 10 shows the process of such a 
series of treatments. 

Next, a metallic film, which is a multiple-layer film (Pt 
is the lowest layer), is coated all over the surface with a 
vacuum deposition method. The metallic film consists of, for 
example, Au, Pt, Ti, Mo, Ti, and Pt . The resist mask 19 is 
then removed together with the metallic film formed thereon, 



then the resistor electrode 10 is patterned with a so-called 
lift-off method. Fig. 11 shows such a series of processes. 

After that, just like the above processes shown in Figs. 
7 and 8, the base layer 3 is etched in a mesa pattern so as to 
separate each finger from others. The collector electrode 5 
is formed on the collector layer 2 exposed by this etching. 
Then, an interlayer insulating film 11 consisting of, for 
example, silicon oxide is deposited on the surface with the 
plasma CVD method and openings are formed so as to expose the 
connection areas of the collector electrode 5, the resistor 
electrode 10, and the emitter electrode 7 with use of a resist 
mask formed by photo-lithography. After that, a metallic film 
consisting of, for example, AuMo is deposited all over the 
surface and a resist mask is formed by photo-lithography. 
This resist mask is then used for patterning so as to form the 
collector wiring 12, the base wiring 13, and the emitter 
wiring 14. 

The semiconductor device in this embodiment extends the 
base layer 3 so as to make it function as resistors Rb. It is 
thus possible to omit a process for forming such resistor 
bodies as a metallic resistor and the like, although the 
process is required for forming conventional resistors. The 
manufacturing process can thus be simplified. In addition, 
because the insulating film 15 is treated by dry-etching that 
is highly accurate in treatment, the gap between the base 
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electrode 6 and the resistor electrode 10 can be reduced as 
small as, for example, lfim to 2|am. Consequently, because the 
resistor Rb can be formed small from the base layer 3, it is 
possible to reduce the whole area of the semiconductor device, 
thereby the semiconductor device can be reduced in both size 
and cost. 
(Embodiment 3) 

Fig. 13 shows a circuit diagram of a configuration of the 
semiconductor device of the present invention in another 
embodiment. Fig. 14 shows a top view of the semiconductor 
device in the entire layout. Fig. 15 is an expanded partial 
top view of the "a" portion of the semiconductor device shown 
in Fig. 14. Fig. 16 is a vertical cross sectional view of the 
semiconductor device taken on line a-a in Fig. 15. 

The semiconductor device in this embodiment is a power 
HBT. Usually, it is driven with a large current. Therefore, 
a plurality of unit fingers are connected to each other in 
parallel. As shown in Fig. 13, a base resistor Rb is 
connected serially to each base in each finger and a base 
capacity is connected serially to each base so as to be in 
parallel to the base resistors Rb. An emitter resistor Re is 
also connected serially to each emitter. Both base resistor 
Rb and emitter resistor Re are provided in each finger, which 
is a unit of HBT. The base capacity is provided outside the 
corresponding finger area. The base capacity is used to 



prevent the RF signal from an input loss due to the addition 
of the base resistor Rb. 

In each unit finger, the collector layer 2 is epitaxial- 
grown on the semiconductor body 1, the base layer 3 is 
epitaxial-grown on the collector layer 2 and an emitter layer 
4 is epitaxial-grown on each base layer 3 so as to form the 
object vertically-structured bipolar transistor. The base 
layer 3 is formed in a mesa pattern so as to be separated in 
each finger. Such protons as hydrogen, boron, etc. are 
implanted in the collector layer 2 outside the finger area so 
as to form a high resistance area 20a. This high resistance 
area 20a separates each finger from others without employment 
of the mesa pattern for separation into fingers. The 
semiconductor substrate mentioned above may be another one, 
for example, a unitary semiconductor substrate composed of a 
single semiconductor body, a substrate composed of such a 
semiconductor layer as an epitaxial layer or the like formed 
on a semiconductor body, a substrate composed of a 
semiconductor layer formed on a semiconductor body with an 
insulating layer therebetween. 

The emitter layer 4 consists of an n-type InGaP layer 4a 
that functions as an emitter layer of the HBT; an emitter 
resistance layer 4b; and a semiconductor layer 4c for coming 
into an ohmic contact with the emitter electrode easily. The 
emitter resistance layer 4b functions as an emitter resistors 



Re connected serially to the emitter. Impurities of lE17/cm 3 
or so are implanted into the emitter resistance layer 4b. The 
base layer 3 consists of p-type GaAs . The collector layer 2 
consists of an n-type GaAs sub-collector layer 2a of about 
lE18/cm 3 in impurity density and an n-type GaAs intrinsic 
collector layer 2b of about lE16/cm 3 in impurity density. 

The n-type InGaP layer 4a of the emitter layer is 
extended up to the base electrodes 6 and 10 on the base layer, 
u thereby stabilizing the emitter junction. However, the n-type 

g InGaP layer 4a is high in resistance, so the n-type InGaP 

fij 

ffl layer 4a under both emitter resistor layer 4b and 

rV semiconductor layer 4c functions actually as an emitter 

g - junction. The n-type InGaP layer 4a extended into another 

jy area hardly affects the transistor function. 

Sj Th e collector electrode 5, the first base electrode 10, 

il th e second base electrode 6, and the emitter electrode 7 are 

s ■ 

connected to the collector layer 2, the base layer 3, and the 
emitter layer 4 respectively. The first and second base 
electrodes 10 and 6 are formed on the same base layer 3 and 
the second base electrode 6 is formed close to an emitter 
junction and the first base electrode 10 is formed separately 
from the second base electrode 6 and the emitter junction. 
The base electrodes 6 and 10 are connected to the base layer 3 
via an alloy layer 21 formed with a heat-treated Pt layer or 
the like used for the base electrodes 6 and 10 and a heat- 
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treated n-type InGaP layer 4a or the base layer 3. This 
configuration enables the base layer 3 between the second base 
electrode 6 and the first base electrode 10 in each finger to 
function as a resistor Rb connected serially to the base. 

The temperature of each resistor Rb rises according to 
the HBT heated due to an increase of the collector current. 
However, because the mobility of the hole of the p-type base 
semiconductor goes low according to the temperature within a 
real working temperature range of around 300°K, the resistance 
value of the resistor Rb rises in accordance with the 
temperature (the same action is also assumed for the n-type 
base), thereby suppressing the input current to the base. 
Consequently, the base layer 3 in each finger is used as a 
resistor Rb, thereby the temperature follow-up property is 
improved. The thermal stability of the HBT is thus improved 
more than that of the resistor formed outside the finger. 

The resistance value of this resistor Rb is decided by 
the density of the base layer 3 and the clearance between the 
second base electrode 6 and the first base electrode 10. The 
density of the base layer 3 is decided almost by the 
specifications of the subject transistor. It is thus possible 
to obtain a proper resistance value by changing the clearance 
between the base electrode 6 and the first base electrode 10. 
In this embodiment, the clearance between the second base 
electrode 6 and the first base electrode 10 is set to 2|im to 



4um. And, the base layer 3 between the base electrode 6 
functioning as a resistor Rb and the first base electrode 10 
is separated from the emitter layer 4, so it does not function 
as the originally intended base. Consequently, the width of 
the base layer 3 is varied and the resistance value can be 
adjusted according to the width of the base layer 3. In this 
embodiment, the base layer 3 consists of p-type GaAs and its 
sheet resistor is 200 to 300Q/D. It is thus possible to 
obtain a resistance of 30 to 100Q if both width and length of 
the base layer 3 assumed as a resistor Rb are changed. 

The main surface of the semiconductor substrate having 
the semiconductor body 1 as well as the collector electrode 5, 
the first base electrode 10, and the emitter electrode 7 
formed on the main surface of the semiconductor substrate 
having the body 1 are all covered with an interlayer 
insulating film 11 consisting of silicon oxide or the like. 
And, the collector electrode 5, the first base electrode 10, 
and the emitter electrode 7 exposed partially through openings 
formed in the interlayer insulating film 11 are connected to 
the collector wiring 12, the base wiring 13, and the emitter 
wiring 14 respectively. 

The base capacity 22 is provided outside its base finger 
area and it is structured as an MIM (Metal Insulator Metal) on 
which the lower electrode 22a on a metallic film, the capacity 
insulating film 22b consisting of silicon oxide or silicon 



nitride, and the upper electrode 22c on the metallic film are 
laminated sequentially. The lower electrode 22a formed under 
the base capacity 22 is formed unitarily with the base wiring 
13a in the same layer and it is connected to the second base 
electrode 6. The upper electrode 22c formed on the base 
capacity 22 is formed unitarily with the common base wiring 23 
in the same layer and it is connected to the first base 
electrode 10 via the base wiring which is formed together with 
the base wiring 13a in the same layer. 

Because the lower electrode 22a is in the same layer as 
that of the base wirings 13a and 13b, the opening of the 
interlayer insulating film 24 covering the base wirings 13a 
and 13b becomes the intrinsic portion of the base capacity 22. 
If this intrinsic portion is formed at a difference in level 
or the like, the quality of the capacity insulating film 22b 
is degraded, thereby causing such a problem as degradation of 
the breakage pressure resistance of the capacity 22. To avoid 
such a problem and improve the reliability of the capacity 22, 
therefore, the intrinsic portion should preferably be formed 
at a flat portion. And, the intrinsic portion should also be 
formed so as to be separated, for example, more than 3 pin from 
the mesa pattern boundary 3' of the base layer 3. In this 
embodiment, the collector layer 2 is separated from there by 
the high resistance area 20a, the difference in level is 
reduced and the area of the capacity 22 can be reduced more 
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. than those when each collector layer 2 is separated from 
others in a mesa pattern. 

The elements formed in each finger are connected to each 
other in parallel via the common base wiring 23, the common 
collector wiring 25, and the common emitter wiring 26 formed 
on the interlayer insulating film 24. And, the openings 
formed in the protection insulating film 27 covering the 
common base wiring 23, the common collector wiring 25, and the 
common emitter wiring 26 become base pads 23a or collector 

0 pads 25a. The emitter pads are formed at the back surface of 

if— s 

y~J the semiconductor substrate 1 and the common emitter wiring 26 

y - 

01 i s connected to the emitter pads via a through-type wiring 26a 
W that passes through the semiconductor substrate 1. Each pad 
*f is connected to a terminal for connecting electrically to an 

ru 

object outside the semiconductor substrate 1. 

The semiconductor device in this embodiment requires no 
wiring for connecting a resistor body to an electrode of a 
bipolar transistor element, although it has been required so 
as to extend the base layer 3 and make it function as a 
resistor Rb. It is thus possible to reduce the semiconductor 
device in area. 

The method for fabricating the semiconductor device in 
this embodiment is the same as that in the first and second 
embodiments described above. Both first and second base 
electrodes 10 and 6 can be patterned with use of the lift-off 
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method. It is also possible to form a resist mask and pattern 
the second and first base electrodes 6 and 10 with use of the 
resist mask. Those methods are also the same as those 
employed in the above first and second embodiments. 

Fig. 17 shows an equivalent circuit diagram of a 
configuration of the semiconductor device, which is a 
variation of this embodiment. Fig. 18 shows a partial top 
view of the semiconductor device shown in Fig. 17. 
L-i; In the semiconductor device in this embodiment , a base 

q resistor Rb is connected to a base in each finger and a base 

03 capacity is connected serially to the base and in parallel to 

the base resistor Rb. An emitter resistor Re is also 

U 

8 connected to each emitter serially. 

fy A base resistor Rb and an emitter resistor Re are 

iy 

\j provided in each finger area, which is a unit of the HBT and a 

O 

p s base capacity 22 is provided outside the finger area. The 

base capacity 22 to which a base resistor Rb is added prevents 
the RF signal from an input loss. In this embodiment, two 
common base lines are provided, so that the first base 
electrode connected to the base via a resistor Rb is connected 
to the common base wiring 23a for DC biasing and the base 
capacity 22 connected to the base serially via the second base 
electrode 6 is connected to the common base wiring 23b for RF 
input . 
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Fig. 19 is a circuit diagram of a configuration of the 
semiconductor device of the present invention, which is 
another variation of this embodiment. Fig. 20 is a partial 
top view of the semiconductor device shown in Fig. 20. 

In the circuit diagram of the semiconductor device in 
this embodiment, a base resistor Rb is connected serially to 
each base in each finger and a base capacity 22 is connected 
serially to each base via a base resistor Rb2 so as to become 
in parallel to the base resistor Rb and an emitter resistor Re 
is connected serially to each emitter as shown in Fig. 19. 
The semiconductor device is structured as shown in Fig. 20 so 
that a second base electrode 6 is formed so as to be separated 
from another 6b formed closer to the emitter junction, thereby 
a resistor having a resistance value Rl is formed between the 
base electrode 6b and the base electrode 6. In addition, the 
resistor having the resistance value Rl is combined with 
another resistor having a resistance value R2 formed between 
the first base electrode 10 and the second base electrode 6, 
thereby setting R1+R2 for the resistance value of the base 
resistor Rb and Rl for the resistance value of the base 
resistor Rb2 . Both base resistance values Rb and Rb2 can be 
set to desired values respectively if proper values are set 
for Rl and R2 . The resistance values Rl and R2 are of the 
resistors formed in the base layer 3. 



Base resistors Rb and Rb2, as well as an emitter resistor 
Re are provided in each finger area, which is a unit of the 
HBT . A base capacity 22 is provided outside the finger area. 
The base capacity 22 is added with a base resistor Rb, thereby 
preventing the RF signal from an input loss. In this 
embodiment, two common base wirings are provided, so that the 
first base electrode 10 connected to the base via a resistor 
Rb is connected to the common base wiring 23a for DC biasing 
and the base capacity 22 connected to the second base 
electrode 6 via the resistor Rb2 is connected to the common 
base wiring 23B for EF input. 

Fig. 21 is an equivalent circuit diagram of a 
configuration of the semiconductor device of the present 
invention, which is still another variation of this embodiment. 
Fig. 22 is a partial top view of the semiconductor device 
shown in Fig. 21. 

In the semiconductor device in this embodiment, base 
resistors Rbl and Rb2 are connected to each base serially and 
a base capacity 22 is connected to each base serially via the 
base resistor Rbl so as to become in parallel to the base 
resistor Rb2 in each finger. An emitter resistor Re is also 
connected serially to each emitter. 

Both base resistor Rbl and emitter resistor Re are 
provided in each finger area, which is a unit of the HBT. The 
base resistor Rb2 and the base capacity 22 are provided 
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outside the finger area. In the base capacity 22, the lower 
electrode 22a is connected to the first electrode 10 via the 
base wiring 13 and the upper electrode 22c is connected to the 
common base wiring 23. The base wiring 13 is connected to the 
common base wiring 23 via a resistance element 28 as a WsiN or 
the like. This resistance element 28 becomes the base 
resistor Rb2 . 

While the preferred embodiments of the present invention 
have been described, it is also to be understood that 
modifications will be apparent to those skilled in the art 
without departing from the spirit of the invention. 

Some of the typical effects of the present invention 
disclosed in this specification will be summarized as follows. 

(1) According to the present invention, the base layer 
can be extended so as to function as resistors. 

(2) According to the present invention, it is possible to 
omit a wiring for connecting a resistance element to an 
electrode of a semiconductor element due to the above effect 

(1) . 

(3) According to the present invention, the area of the 
semiconductor device can be reduced due to the above effect 

(2) . 

(4) According to the present invention, it is possible to 
omit a process for forming such a resistance element as a 



metal resistor or the like due to the effect (1), although the 
process has been needed conventionally. 

(5) According to the present invention, the fabricating 
process can be simplified due to the effect (4) . 



